Introduction
SenSay (sensing & saying) is a context-aware mobile phone that modifies its behavior based on its user's state and surroundings. It adapts to dynamically changing environmental and physiological states and also provides the remote caller information on the current context of the phone user. To provide context information SenSay uses light, motion, and microphone sensors. The sensors are placed on various parts of the human body with a central hub, called the sensor box, mounted on the waist (see Figure 1 ).
SenSay introduces the following four states: Uninterruptible, Idle, Active, and the default state, Normal. A number of phone actions are associated with each state. For example, in the Uninterruptible state, the ringer is turned off.
In a much more limited context the idea of smart appliances and phones was explored in [1] , [3] , [4] and [5] . In [2] concepts of context-aware computing and wearable devices have been described. 
SenSay Architecture
A three-tier architecture was adopted: the sensor box, decision module, and phone. The following components are shown in Figure 2 . The sensor module, located in the bottom left, collects physical sensor data, which are then sent to the notebook computer (henceforth called the platform) through the serial port. The decision module at the top is then notified of data arrival, and a series of preprocessing steps are done to the incoming data before the data is acted upon. Finally, the decision module instructs the phone to act based on the current user context. The decision module utilizes another serial port to communicate with the phone.
SenSay Logic
The decision module inspects the gathered data and determines the state that the phone should enter. To prevent bouncing between states too quickly, up to ten minutes of recent sensor data are stored and examined. Running averages are computed to give reasonable weight to previous data and phone state. Furthermore, four states are identified by the system, representing descending levels of uninterruptibility.
The system enters uninterruptible state when the user is involved in a conversation or has scheduled an important event in the electronic calendar. Once the phone is in this state, all incoming calls are automatically responded to with SMS messages. The ringer is disabled; vibrate is enabled only when the light level is low. The caller has an option to override this in case of emergency by calling again within three minutes. High physical activity or high ambient noise level puts the system into active state. The ringer is set to high and vibrate is enabled. The system goes into idle state when there is very little movement and low ambient level. The system reminds the user of missed calls and provides suggestions to the user. In normal state, the ringer and vibrate modes are set to the phone's default values.
Experiment
A series of threshold analyses tests were run while recording sensor values and noting trends over time. Microphones and accelerometer values were recorded from eleven subjects. In addition to the raw sensor values, average sensor values were also observed over various periods of time.
As an example of threshold experiments, consider user activity. The sensor board was taped to the user's abdomen. The physical activity test was run using the 3-axis accelerometer. The maximum of the three absolute component values was used as the movement data. The data is split into three ranges. Low Activity includes sitting, sleeping, etc. Short, intense movements are averaged out. Medium Activity represents walking or other comparable activity. Medium movement indicates that the user is not idle. High Activity includes movements such as running.
To find generic threshold values, eleven subjects were asked to perform a test: After walking for 40 sec., they were asked to sit down for 10 sec. Then they were required to run for 30 sec. and afterwards walk again. After walking for 20 more sec., they sat down again for an additional 25 sec. Figure 3 shows the resulting values. From this experiment, thresholds for differentiating between low, medium and high activity were found and annotated on the diagram. Other tests were conducted for the microphones and light sensors.
Conclusions
SenSay combines sensory data, user information and history information to create a context-aware phone that improves the overall usability of the cell phone. Our threshold analyses on sensor data indicate that it is possible for a mobile phone to derive particular characteristics of user state. 
